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DMD #31724
-8 -2A6, 2B6, 2D6*1, 2E1, 3A4, 3A5, 4A11, 4F2, 4F3A, and 4F3B expressed in microsomes of baculovirusinfected cells (Supersomes™) were obtained from BD Gentest (Woburn, USA). Human recombinant acetylcholinesterase (2230 units/mg protein) and purified human butyrylcholinesterase from human serum (12.7 units/mg protein) were purchased from Sigma-Aldrich. One unit of AChE or BChE hydrolyzes 1.0 µmole of acetylcholine or butyrylcholine to choline and acetate/butyrate per minute at pH 8.0 and 37 o C.
Hydrolysis in human plasma
In preparation for kinetic and inhibition assays, the linearity of the formation of the hydrolysis metabolites was investigated by incubating aclidinium bromide (2-250 µM) in diluted pooled human plasma (1/100, 2/100, and 5/100, v/v) with 50 mM potassium phosphate buffer (pH 7.4) at 37 o C in a final reaction volume of 2 ml. After 3 minutes of pre-incubation at 37 o C, reactions were initiated by adding 0.1 ml of the corresponding aclidinium solution. The final concentration of DMSO in the incubation mixtures was 2.5%. At pre-defined times of 15, 30, and 60 minutes, aliquots of 200 µl of the incubation mixtures were separated and the reactions stopped by adding 100 µl of 0. 2N HCl:acetonitrile (80:20, v/v) . The precipitated protein was removed by centrifuging at 2000xg and 4 o C for 10 minutes. Sample analysis was conducted using a LC-UV system (Method A). Control incubations in the absence of human plasma were also conducted and an equivalent amount of human plasma was added at the end of the incubation period. All the incubations were carried out in duplicate. The kinetic study of the hydrolysis of aclidinium bromide (1-500 μ M) was conducted as described above by incubating individual human plasma samples (2/100, v/v) at 37 o C for 30 minutes in a final volume of 0.2 ml. Reactions were stopped by the addition of 0.1 ml of 0. 2N HCl:acetonitrile (80:20, v/v) . All the samples were maintained at 4 o C once obtained and during analysis in order to prevent aclidinium hydrolysis. Plasma hydrolysis assays of aclidinium at the namolar range (from 2 nM to 50 μ M) were conducted as described above but in the absence of DMSO as solvent. The final analysis of aclidinium and LAS34823 in incubation samples was conducted using the LC-MS/MS method.
Incubations of aclidinium bromide in human erythrocytes were conducted as described above in a final volume of 1 ml. At pre-defined times of incubation (0, 5, 15, 30 , and 60 minutes), 150 µl aliquots of the incubation mixtures were transferred to another vessel containing 0.9 ml of 0.2N HCl:acetonitrile (80:20, v/v) and processed as described above. Sample analysis was conducted using the LC-UV system (Method A).
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Hydrolysis in human pulmonary and hepatic subcellular fractions
Aclidinium bromide (5 µM) was incubated in the presence of pooled human liver and pulmonary microsomes and S9 fraction (0.5 mg/ml) at 37 o C in 0.5 ml incubation mixtures containing potassium phosphate buffer (50 mM, pH 7.4), MgCl 2 (3 mM), EDTA (1 mM), NADP + (1 mM), glucose-6-phosphate (5 mM) and glucose-6-phosphate dehydrogenase (2 unit/ml). After 3 minutes of incubation, aclidinium bromide was added to the 0.5 ml incubation mixtures in 10 µl of 0. 01N HCl:acetonitrile (80:20, v/v) . The final concentration of acetonitrile in the incubation mixtures was 0.5%. At different pre-defined times (10, 20, 30 , and 60 minutes), 100 µl aliquots of the incubation mixtures were separated and the reactions stopped as described in previous sections. Control incubations without the NADPH-generating system and in 50 mM phosphate buffer (pH 7.4) were also prepared. All the incubations were carried out in duplicate. The amounts of the acid and alcohol hydrolysis products (LAS34850 and LAS34823, respectively) in the clear supernatant fraction were determined by LC-UV (Method B). All the samples were kept at 4 o C once obtained and during LC analysis in order to prevent LAS34273 ester cleavage.
Inhibition of aclidinium hydrolysis
The effect of selective chemical esterase inhibitors on aclidinium hydrolysis was evaluated using PCMB Sample analysis was conducted using the LC-UV system (Method A).
Kinetic study of aclidinium hydrolysis in purified human butyrylcholinesterase was conducted at a fixed concentration of 0.2 units/ml (relative units). Samples were incubated at 37 o C in 0.2 ml (final volume)
containing potassium phosphate buffer (50 mM, pH 7.4) and aclidinium bromide (1-500 µM). The final concentration of DMSO in the incubation mixtures was 2.5%. Final protein concentration in the incubation mixtures was adjusted to 0.125 mg/ml by adding human serum albumin. After 5 minutes of pre-incubation, reactions were started by the addition of aclidinium bromide solutions. After 30 minutes of incubation, the reactions were stopped and treated as indicated above. Sample analysis was conducted using the LC-UV system (Method A). Control incubations in 50 mM phosphate buffer (pH 7.4) were also prepared. All the incubations were carried out in duplicate.
Human recombinant CYP450 isoforms
cDNA-expressed human isoforms (25 pmol CYP450/ml) were incubated at 37 o C in 0.2 ml (final volume) incubation mixtures containing potassium phosphate buffer 50 mM, pH 7.4 (CYP1A1, 1A2, 2B6, 2C8, 2C19*1, 2D6*1, 2E1, 3A4, 3A5, 4F2, 4F3A, and 4F3B) or TRIS buffer 100 mM, pH 7.4 (CYP2A6, 2C9*1, and 4A11), 
Esterase activities
Paraoxonase activity was determined spectrophotometrically using a substrate paraoxon as previously described (Rodrigo et al., 2001) . Briefly, diluted human plasma (1/150, v/v, approximately 0.5 mg protein/ml) was incubated at 37 o C with 5 mM paraoxon in 100 mM HEPES containing 2 mM CaCl 2 (pH 7.4). The generation of p-nitrophenol was monitored at 405 nm for 20 minutes at one-minute intervals. The extinction coefficient of pnitrophenol at the assay conditions (9.65 mM -1 .cm −1 ) was calculated from a regression curve (10-100 μ M).
Arylesterase activity was determined spectrophotometrically using phenylacetate as substrate as described by Rodrigo et al., 2001 . Briefly, diluted human plasma (0.01 mg protein/ml) was incubated at 37 o C with 2 mM phenylacetate in 100 mM HEPES containing 2 mM CaCl 2 (pH 7.4) in a final volume of 3 ml. Reactions were stopped by adding 2 ml of 0.1N HCl, and UV absorbances at 270 nm were measured. Quantification was conducted using a calibration curve obtained from standard samples of phenol (0.1-0.75 mM) prepared in the assay conditions. Carboxylesterase activity was determined using α-naphthyl acetate as a substrate based on its hydrolysis to yield naphthol, which reacts with the dye Fast Red ITR to yield a colored product that was measured spectrophotometrically (Thompson, 1999) . Diluted human plasma (0.25 mg protein/ml) was incubated at 37 o C with 35 μ g/ml of α-naphthyl acetate in 100 mM TRIS buffer (pH 7.4) in a final volume of 3 ml for 5 minutes. Reactions were stopped by the addition of 0.25 ml of 2.5% sodium dodecyl sulfate (SDS) solution and 0.25 ml of 0.1% fast red ITR. The mixtures were maintained at room temperature in the dark for 10 minutes and the absorbance of the naphthol fast red ITR complex was measured at 530 nm. AChE and BChE activities were assayed using acetylthiocholine iodide (ATCI) and butyrylthiocholine iodide (BTCI) as substrate, respectively.
In both cases, the thiocholine generated reacts with DTNB (5,5-dithiobis[2-nitrobenzoic acid]) to produce the yellow-colored 5-thio-2-nitrobenzoate ion (Ellman et al., 1961) . The selective inhibitor iso-OMPA (0.1 mM final concentration) was used to suppress butyrylcholinesterase activity for acetylcholinesterase determinations.
In brief, diluted human plasma (AChE: 0.25 mg protein /ml or BChE: 0.125 mg protein/ml) or tissue subcellular fractions (0.08 mg protein/ml) were incubated for 15 minutes with 2 mM DTNB in 100 mM TRIS buffer (pH 7.4) at 37 o C. Then the corresponding substrate ATCI or BTCI (0.5 mM) was added and the formation of 5-thio-2-nitrobenzoate was monitored at 415 nm for 20 minutes at one-minute intervals. Enzyme activities were calculated using the extinction coefficient of 5-thio-2-nitrobenzoate (13.6 mM −1 .cm −1 ).
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